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PREFACE. 

The  subject  of  "Fatigue  Tests  of 
Commercial  Wires,"  has  herein  been  presented 
in  three  part;  the  first,  a  fatigue  test,  the 
second,  a  rough  breaking  strength  test,  and 
the  third,  a  relative  conductivity  test. 

In  Part  I  is  given  a  precise  method  of 
conduting  the  fatigue  test  of  commercial  wires 
and  their  tabulated  results. 

In  Part  II  is  described  a  method  of 
obtaining  the  ultimate  strength  of  the  various 
sizes  of  wires. 

In  Part  III  is  given  a  method  of  obtain- 
ing the  resistances  of  the  different  sizes  of 
wires,  together  with  their  results  tabulated. 


PART         I. 


FATIGUE   TESTS   OF   COMriERCIAL  WIRES. 


Introduction. 

In  view  of  the  high  cost  of  copper  on  the 
one  hand,  and  the  liability  to  corrode  of  iron 
or  steel  on  the  other,  numerous  attempts  have 
been  made  to  protect  steel  wire  from  corrosion 
by  giving  it  a  copper  coating  and  to  use  this 
for  many  purposes  where  copper  .'.ire  has  been 
considered  essential,  especially  in  connection 
with  electrical  transmission  work.   Some  of  the 
attempts  have  been  proven  unsuccessful,  but  the 
duplex  vvires  manufactured  on  the.Monnot  patent 
have  demonstrated  their  value  to  such  an  extent 
that  they  cannot  be  prevented  from  coming 
strongly  into  the  market,  replacing  the  copper 
wires  gradually.   But  in  spite  of  this,  very 
little  attention  has  been  paid  to  the  fatigue 
test  of  commerical  wires.   Although  Ur.    F. 
Blackwell  has  performed  such  a  test,  his  method 
of  applying  the  weights  to  or  releasing  them 
from  the  wires  is  not  given.   This  is  the  most 
important  point  in  the  whole  test,  for  if  the 
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weights  were  applied  gradually,  the  exact  time 
of  the  fatiguing  of  the  wires  could  not  be  ob- 
tained correctly,  while  on  the  other  hand  if 
the  weights  were  applied  suddenly  without  some 
means  of  releasing  them  gently,  in  such  a 
manner  as  not  to  jar  the  wire,  the  result  would 
be  inconsistant.   From  these  reasons  it  is  seen 
that  the  method  of  procedure  for  conducting 
the  test  must  be  given  and  explained  in  detail. 

The  most  troublesome  obstacle  in  carrying 
out  the  fatigue  test  of  wires  lies  in  the 
method  of  applying  the  .'.-eights.  At  first  it 
was  thought  of  using  a  large  tank  through  which 
water  or  sand  could  be  let  in  or  out  gradually, 
but  the  size  of  the  tank  would  be  too  bulky 
when  it  oomes  to  a  size  of  wire  whose  breaking 
strength  may  easily  reach  1800  pounds,  that  it 
would  be  impracticable,  so  this  idea  of  applying 
weights  is  discarded.   Next  a  scheme  for  using 
mercury  was  inaugurated,  but  the  expensiveness 
of  this  is  beyond  consideration.   If  expense  is 
no  consideration  then  it  is  the  most  handy  thing 
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to  use  as  a  medium  for  applying  weight  to  the 
wire  under  test.   B.B.  shot  is  another  good 
medium  to  use,  but  in  this  case  the  vessel 
containing  the  shot  would  have  to  be  a  closed 
one,  otherwise  when  the  wire  breaks  the  shot 
would  probably  be  spilled.   If  not  for  the  fact 
that  there  are  plenty  of  50  and  100  pound  weights 
at  the  Armour  Institute  of  Technology,  and  the 
incurring  of  extra  expense,  the  B.B.  shot  method 
wpuld  certainly  have  been  used,  for  they  are 
much  easier  to  handle  than  the  50  or  ICO  pound 
weights. 

The  lowering  or  releasing  of  the  weights 
from  the  wire  under  test  is  another  problem  to 
be  solved.   A  jack  screw  was  first  tried,  but 
when  turning  the  screw  up  or  down  it  has  a 
tendency  to  twist  the  iron  tray  supporting  the 
weights,  which  in  turn  twist  the  wire.   This 
is  objectionable  and  therefore  the  idea  was  given 
up.   The  next  scheme  tried  was  a  system  of  levers, 
but  here  a  greater  objection  was  evident.   There 
is  no  doubt  but  that  the  scheme  will  work. but  it 
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will  require  two  persons  to  handle  the  test, 
one  to  take  the  time  and  elongation  and  the 
other  to  lower  the  weights  by  means  of  the  lever 
arms. 

The  method  of  applying  and  releasing  the 
weights  from  the  wire  will  be  described  later 
under  the  heading  "Scheme  for  Conducting  the  Test." 

Object  of  the  Test. 

The  object  of  this  experiment  is  threefold; 
first,  to  determine  the  elongation  and  time  for 
fatiguing  the  different  sizes  of  commercial  wire 
at  various  per  cent  of  load  of  their  ultimate 
strength,  second,  to  determine  the  breaking  weight 
by  means  of  a  60,000  pound  Olsen  testing  machine, 
and  third,  to  test  and  compare  their  relative 
conductivity. 

General  Apparatus . 

Under  the  subject  of  general  apparatus  it  is 
necessary  to  describe  in  detail  every  instriiment 
used,  for  the  simple  reason  thut  if  others  than 
the  instruments  described  were  used  some  difference 
in  results  would  probably  follow. 


First  of  all  a  wooden  frame  work,  as  shown 
in  Fig.  1,  was  constructed.   Across  the  top  was 
bolted  to  the  frame  an  I-beam,  the  dimensions  of 
which  are  as  indicated  in  the  figure.   In  the 
middle  of  the  I-beam  is  hung  a  cast  iron  jaw  with 
steel  wedges  in  position  for  holding  the  wires 
under  test.   In  the  middle  of  the  wedges  are  cut 
V-shaped  grooves  which  are  roughened  so  as  to 
prevent  the  wires  from  slipping.   The  dimensions 
of  the  jaws  and  wedges  are  found  in  Fig.  2  on 
page  8.   At  the  bottom  and  middle  of  the  frame 
is  placed  a  hydraulic  press  v;hich  connected  by 
a  one-quarter  inch  pipe  to  the  city  main.   There 
are  two  stop  cocks  in  the  pipe  line,  arranged 
as  shown  in  Fig.  1.   IVhen  stop  cock  0  is  closed 
and  C  opened  the  hydraulic  press  is  communicating 
with  the  city  main  whose  pressure  raises  the 
press  to  a  desired  point;  then  C  is  closed  and 
the  press  ren;ains  in  its  raised  position  until 
0  is  opened,  which  will  not  happen  until  the 
wire  and  '/.edges  are  ready.   Directly  above  the 
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hydraulic  press  is  rested  a  wrought  iron  frame 
for  the  purpose  of  holding  weights.   The  di- 
mensions of  the  hydraulic  press  and  iron  frame 
are  as  indicated  in  Figs.  4  and  5,  respectively. 

As  to  the  ipeasurement  of  the  elongation  of 
the  wire  several  methods  were  tried,  but  it  must 
be  noted  that  delicate  instruments  cannot  be 
used  here,  for  when  the  wire  breaks  the  instru- 
ments are  also  liable  to  be  broken,  and  yet  a 
good  instrument  reading  to  l/lOOO  of  an  inch 
is  necessary.   As  a  result  of  the  trying  of 
various  methods, the  final  instrument  adopted 
for  use  in  this  experiment  is  as  shown  in  Fig,  3, 
which  is  nothing  more  than  one  brass  tube  sliding 
over  another.   In  the  lower  and  large  tube  is 
provided  a  vernier  by  means  of  v.hich  l/lOOO  of 
an  inch  can  be  easily  obtained.   The  length 
between  the  centers  of  the  two  thumb  screws  is 
five  feet  and  it  is  between  these  two  points  that 
the  elongation  is  taken. 
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An  ordinary  time  piece  or  stop  watch,  the 
latter  being  preferable,  can  be  used  for  noting 
the  time  of  start  to  the  breaking  of  the  wire. 
Method  of  Procedure. 

As  there  has  been  no  special  apparatus  or 
instruments  already  made  for  a  test  of  this  kind 
it  is  necessary  to  show  in  a  general  way  how 
the  apparatus  is  made  and  put  up,  before  going 
further  into  the  actual  test.   First  of  all  there 
is  the  wooden  frame  to  be  put  up,  as  shown  in 
Fig.  1,  the  simplicity  of  which  will  speak  for 
itself,  so  further  explanation  here  is  unnecessary. 
The  jaws,  wedges,  and  tray,  or  wrought  iron  frame 
for  holding  vveights  are  also  easy  to  make  as  all 
necessary  dimensions  are  given  in  the  drawings. 

After  the  wooden  frame  has  been  erected  and 
the  various  Instruuients  adjuoted,  the  wire  to  be 
tested  is  first  subjected  to  a  test  in  the  testing 
machine  for  ultimate  strength.   The  method  of 
obtaining  this  is  described  briefly  in  Part  II. 
After  the  ultimate  strength  has  been  determined 
the  wire  under  test  is  placed  in  the  testing 
apparatus  and  the  \A^ights  applied.   It  is  best 
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to  start  the  test  with  a  load  of  98  per  cent  of 
the  ultimate  strength  and  decrease  this  by  two 
per  cent  until  as  low  as  the  test  is  wished  to 
be  carxied  out. 

The  length  of  the  wire  for  the  test  is  six 
feet,  but  the  actual  elongation  is  taken  between 
the  center  points  of  the  tv.o  screws,  which  is  five 
feet.   One  end  of  the  wire  is  first  clamped  to 
the  upper  jaw  and  the  elongation  measuring  instru- 
ment is  slipped  over  it.  The  lower  end  of  the  wire 
is  then  clamped  to  the  jaw  holding  the  weights. 
When  the  wire  is  thus  in  position  it  is  very 
essential  to  see  that  the  iron  frame  is  free  from 
support  of  the  wire,  otherwise  it  has  a  tendency 
to  elongate  it  before  actual  measurement  is  taken. 
This  can  be  done  by  simply  opening  stop  cock  C  to 
let  water  in  from  the  city  main,  the  pressure  of 
which  is  high  enough  to  raise  the  empty  iron  frame. 
After  this  is  done  the  50  pound  iron  weights  can 
now  be  placed  upon  the  iron  frame.   If  leakage  is 
prevented  in  the  hydraulic  press  and  pipe  line  the 
weights  will  be  held  up  steadily  by  the  press,  thus 
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giving  the  wire  under  test  a  free  support  of 
itself.   The  upper  half  of  the  elongation  measuring 
instrument  can  now  be  fastened  to  the  upper  end 
of  the  wire  by  tightening  the  thumb  screw,  but 
the  lower  half  must  not  be  fastened  until  the  wire 
has  been  straightened.   This  can  be  easily  done 
by  simply  opening  the  stop  cock  0  slightly,  so 
as  to  lower  the  weights  very  gradually  until  the 
wire  is  straightened  out,  then  shut  off  the  stop 
cock  0  and  adjust  the  elongation  measuring  instru- 
ment to  give  a  zero  reading,  which  indicates  that 
the  distance  between  the  upper  and  lower  thumb 
screws  is  exactly  five  feet.   After  this  has  been 
adjusted  the  lower  thumb  screw  is  tightened  and 
the  wire  is  ready  for  test.    The  time  is  taken 
at  the  instant  the  stop  cock  0  is  opened.   The 
opening  of  the  stop  cock  is  very  small--  so  small 
that  only  a  very  fine  stream  of  water  issues. 
This  is  very  important  as  it  lets  the  weights 
down  very  gently.   The  elongation  can  be  taken 
every  half  minute,  or  every  minute,  or  even  every 
fifteen  minutes,  in  accordance  with  the  large  or 
small  percentage  of  load  on  the  wire.  It  is 
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desirable,  however,  to  take  a  few  readings 
during  the  first  few  half  minutes,  as  the 
wire  stretches  considerably  during  that  per-iod. 
As  seen  from  the  tabulated  results,  and  also 
the  curves,  some  of  the  wires  break  in  less 
than  one  minute  under  a  large  percentage  of 
load. 

The  temperature  of  the  room  where  the  test 
is  being  conducted  should  be  kept  as  near 
constant  as  possible,  for  a  variation  in  temper- 
ature will  tender  variable  results. 

The  foregoing  explains  the  method  for  the 
test  of  one  wire,  and  in  similar  manner  the 
rest  of  the  specimens  were  tested. 
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Discussion. 
A  careful  examination  of  the  tabulated 
results  of  the  various  sizes  of  wires  under 
different  percentages  of  load  shows  that  they 
behaved  just  as  they  were  expected;  that  is, 
they  all  stretched  rapidly  during  the  first 
few  seconds,  until  they  reached  a  certain  point, 
where  the  stretching  becomes  very  slight  but 
steady.   Just  a  few  seconds  before  breaking, 
the  stretching  becomes  rapid  again.   These 
characteristics  can  best  be  seen  from  the 
various  curves  plotted.  For  instance,  the  curve 
on  page  33  shows  the  characteristic  of  a  No.  9 
B.  fc   S.  copper-clad  steel  wire  under  a  load  of 
92.5  per  cent.   From  this  curve  it  is  seen  that 
during  the  first  hour  the  wire  has  stretched 
almost  to  its  maximum  elongation  limit.   The 
total  elongation  is  only  0.755  of  an  inch,  and 
during  the  first  hour  of  stretching  reached 
0.615  of  an  inch,  leaving  a  difference  of  0.14 
of  an  inch  to  be  stretched.   It  is  then  only  a 
matter  of  a  few  minutes  before  the  wire  will 
break,  but  in  this  case  it  is  very  interesting 
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to  note  that  it  held  out  for  seventeen  hours 
more,  as  will  be  seen  from  the  curve.   On 
page  37  the  curve  plotted  for  a  No.  10  B.  &  S. 
copper-clad  steel  wire  at  92  per  cent  load 
also  shows  the  same  characteristics.   A  copper 
wire  possesses  a  slightly  different  character- 
istic from  that  of  the  copper-clad  steel  wire, 
as  is  shown  in  the  curve  on  page  30.   This 
curve  is  plotted  for  a  No.  9  B.  &  S.  copper 
wire  under  a  load  of  85  per  cent.   The  total 
elongation  is  0,46  and  the  time  is  two  hours 
and  thirty-seven  minutes.   As  seen  from  the  curve 
the  wire  stretched  a  little  more  tiian  one-half 
of  the  total  elongation  and  from  this  point  the 
stretching  is  vei-y  gradual  until  it  reached 
about  0.35,  when  the  elongation  became  rapid 
ggain  to  the  breaking  point. 

On  examining  and  comparing  the  general 
curves  on  pagej,  ^  plotted  for  a  No .  9  B.  &  S. 
copper  and  copper  clad  steel  wire  it  is  found 
that  the  elongation  of  the  copper  wire  in- 
creases with  the  increase  of  load,  while  that 
of  the  copper-clad  steel  wire  decreases  slightly 
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with  the  increase  of  load.   On  page  30,  curve 
No.  1,  plotted  for  a  No.  9  B.  &  S.  copper  wire, 
with  time  in  hours  as  ordinate  and  per  cent  of 
load  as  abscissas,  shows  that  at  85  per  cent 
of  load  the  wire  lasted  two  and  one-half  hours, 
while  at  90  per  cent  the  same  wire  lasted  bpt 
a  few  minutes.   It  is  rather  surprising  to  note 
that  a  difference  of  5  per  cent  of  load  would 
prolong  the  breaking  point  of  the  wire.   This 
characteristic  is  true  of  both  copper  and  copper- 
clad  steel  wire,  as  is  shown  in  the  blue  prints 
on  pages  31  8c35. 

As  regards  the  physical  properties  of  the 
material  some  tests  made  by  the  Ordinance 
Department  of  the  United  States  Army  at  the 
Watertown  Arsenal,  Iviassachusetts ,  give  the 
following  results: 

True  elastic  limit,  lbs.  per  sq.  in.,  50,825 

Wodulus  of  elasticity,  lbs.  per  sq. 

in.,  before  stressing  -----    21,400,000 

Modulus  of  elasticity,  lbs.  per  sq. 

in.,  after  stressing  -   -  -  -  -    22,637,000 

Tensile  strength,  lbs.  per  sq.  in., 

after  repeated  stresses  -  -  -  -   90,275 


46 


Some  similar  samples  were  tested  at  the 
National  Physical  Laboratory  at  '.Vashington, 
where  the  modulus  of  elasticity  was  found  to  be 
23,100,000  pounds  per  square  inch,  while  the 
linear  coefficient  of  expansion  for  1°  C  was 
determined  to  be  0,000012.   This  is  only  two- 
thirds  thit  of  copper,  and  owing  to  this  small 
coefficient  of  expansion,  combined  with  high 
elastic  limit,  it  will  be  seen  that  very  favorable 
results  can  be  obtained  with  sm.all  variations  in 
sag  and  with  great  variation  in  temperature. 
For  ordinary  telephone  service  the  pole  spacing 
is  usually  40  to  the  mile,  using  galvanized  wire, 
but  with  copper-clad  steel  wire,  it  is  quite  safe 
to  use  an  increased  span  of  50  to  100  per  cent, 
and  still  the  line  would  be  just  as  strong. 

The  life  of  a  No.  9  B.  Sc   S.  copper-clad  steel 
wire  is  longer  than  that  of  the  copper  wire  of 
the  same  gauge  and  length  under  the  same  per  cent 
of  load  (94%).      This  is  very  noticeable  from  the 
curves  plotted  on  page5 -^/ 8«-^2 
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The  life  of  the  copper  wire  at  94^  is  only 
a  matter  of  about  two  minutes,  wi ile  that  of 
the  copper-clad  steel  is  almost  one  hour.   At 
97,%   the  difference  is  otill  more  noticeable 
and  it  is  safft  to  say  that  on  the  average  the 
life  of  a  copper-clad  steel  wire  is  about  40 
times  as  long  aw  that  of  a  copper  wire  of  the 
same  gauge  and  length. 


PART         II. 


ULTIMATE   STRENGTH   OF   COIvlMERCIAL  WIRES. 
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Introduction. 

An  ultimate  strength  test  of  commercial  wires 
sometimes  invalues  the  usual  tensile  strength  test 
which  must  be  carried  out  carefully;  in  other 
words  the  elongation  must  be  taken  at  every  in- 
crement of  load  and  the  yield  point  must  also  be 
very  carefully  noted  in  order  to  plot  a  good  curve, 
showing  its  actual  characteristics.   But  all  these 
details  ar.  not  necessary  here,  as  the  ultimate 
strength  of  the  wire  iy  the  only  thing  that  is 
called  for  in  the  fatigue  test. 

Method  of  Procedure. 
The  ultimate  strength  of  the  wires  are  de- 
termined in  a  60,000  pound  Olsen  testing  machine. 
The  length  of  the  specimen  is  one  foot,  six 
inches.   One  end  of  the  wire  is  clamped  to  the 
upper  part  of  the  machine  while  the  wther  end 
is  clamped  to  the  drawhead.   The  gears  of  the 
machine  are  so  arranged  as  to  give  the  drawhead 
a  speed  of  0.04  inch  per  minute.   This  speed  is 
maintained  constant  throughout  the  entire  test. 
The  load  is  applied  gradually  until  the  wire 
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breaks.   Then  the  scale  reading  will  give  the 
sought  for  ultimate  strength  of  the  wire  under 
test.   A  duplicate  specinien  is  tested  in  the 
same  way  in  order  to  obtain  an  average  rc-sult. 

In  similar  manner  all  the  different  sizes 
of  wires,  before  and  after  fatigue  test,  are 
tested  for  their  ultimate  strength.   The  reason 
for  testing  the  wire  again  after  it  has  been  put 
through  the  fatigue  test  is  to  get  an  actual 
percentage  of  load.    On  page  2«  the  tabulated 
results  show  a  slight  variation  of  ultimate 
strength,  this  slight  difference  of  breaking 
strength  being  due  entirely  to  an  ununiformity  of 
diameter. 


PART     III. 


CONDUCTIVITY  TEST  OF  COMMERCIAL 
COPPER  AND  COPPER-CLAD  STEEL  WIRES. 
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Introduction 

The  electrical  properties  of  copper  wiroa 
have  been  investigated  very  extensively  by 
numerous  experimenters,  both  in  this  country 
and  in  Europe,  and  for  details  of  this  subject 
see  Appendix,  under  bibliography  on  page  S76. 

It  is  for  the  sake  of  convenience  that  this 
part  of  the  experiment  is  carried  out,  and 
therefore,  only  the  resistances  of  copper  and 
copper-clad  steel  wires  are  tested. 

Apparatus. 

The  appartus  used  in  determining  this  part 
of  the  experiment  is  a  Thompson's  double  bridge 

instrument,  the  construction  of  which  is  very 
simple,  as  is  shown  in  Fig.  6  on  page  51  . 
The  galvanometer,  ammeter,  carbon  rheostat  and 
storage  battery  are  connected  up  as  shown  in 
the  drawing.  The  choice  of  this  instrument  is 
to  eliminate  the  consideration  of  the  tempera- 
ture variations. 
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Method  of  Procedure . 

After  the  various  instruments  have  been 
connected  up  as  shown  in  the  drawing,  it  is  then 
necessary  to  balance  the  bridge  so  that  the  error 
due  to  contact  resistance  of  the  connections  may 
be  eliminated.   This  is  possible  by  keeping 
r^^  :  Tp  =  R]^  :  Ro  >  which  is  done  by  balancing 
the  bridge  with  P  both  opened  and  closed,   'Afhen 
the  bridge  is  thus  balanced, 

^1     Ri 

r  =  r =  r 

where  r  is  a  standard  low  resistance,  and  r-.,  ro, 
B.-^,    and  R  arc  adjustable  resistances,  having 
negligible  temperature  coefficient  of  resistivity. 

The  length  of  the  wire  is  measured  bet/. een 
the  two  contact  points  and  its  diameter  is 
taken  carefully  at  every  inch  so  that  a  good 
average  result  can  be  obtained. 
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Discussion. 

An  article  on  the  "Uses  of  Copper-Clad 
Iron  Wire"  appeared  in  the  Electrical  Review, 
London,  England,  and  in  it  the  following  rules 
were  given: 

"The  conductivity  of  A0%   copper-clad  steel 
wire  is  to  be  55%   of  that  of  the  same  size  and 
length  of  copper  \  ire.      For  Z0%   material  the 
conductivity  may  be  as  low  as  25^,  while  for 
40%   material  the  minimum  conductivity  is  45^ 
of  the  same  size  -nd  length  of  copper  wire." 

For  telephone  work  copper  wire  will  not 
bo  absolutely  displaced  by  the  copper-clad  wire. 
For  very  long  toll  lines  and  for  small  wiring 
cable,  copper  is  still  the  best  material,  but 
in  open  line  distribution  money  can  be  saved 
by  using  a  small  copper-clad  steel  wire  instead 
of  standard  copper,  making  a  saving  of  perhaps 
40  or  50  per  cent  in  first  cost,  while  obtaining 
greater  strength  than  is  furnished  by  copper;  or 
an  ec]ual  size  of  copper-clad  wire  can  be  used 
with  a  first  cost  saving  of  10  or  15  per  cent,  with 
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a  reduction  of  maintenance  cost  of  at  least 
75  per  cent. 

For  subscriber's  connections  the  copper- 
clad  twisted  wire  is  claimed  to  show  a  saving 
in  first  cost  over  standard  copper  wire,  the 
copper-clad  having  the  same  strength  as  copper, 
while  weighing  less  than  half  as  much,  and,  owing 
to  its  small  size,  supporting  easily  a  gieater 
weigiat  of  sleet  than  copper.   The  difference  in 
weight  means  a  large  saving  in  the  cost  of  handling. 
As  compared  with  galvanized  iron  wire  it  will  be 
seen  that  no  allowance  need  be  made  on  the  duplex 
metal  for  loss  of  strength  due  to  rust. 

The  principle  uses  for  the  wire  which  will 
interest  electrical  engineers,  hov/ever,  are  in 
connection  with  electric  power  transmission  and 
electric  railways.   As  regards  the  former  purpose, 
copper-clad  wire  was  first  used  as  a  guard-wire 
for  lightning  protection,  inasmuch  as  glavanized 
wire,  when  used  for  this  purpose,  rusted.   When 
copper  was  tried  it  was  found  that  the  usual  span 
in  power  transmission  required  an  excessively  large 
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size  of  copper  wire  in  order  to  sustain  its 
own  weight.   For  telephone  line  service,  for 
generating  stations  and  distributing  stations, 
a  great  deal  of  duplex  wire  has  been  used, 
because  it  can  be  iitrung  on  the  poles  carrying 
the  transmission  line,  whereas  if  bare  copper  w^ie 
used  it  would  be  necessary  to  run  a  separate  line 
to  carry  it.   Many  secondary  circuits  running 
from  transformers  to  consumers  carry  so  little  current 
that  the  copper  wire  used  is  based  on  strength,  and 
not  on  resistance.  In  such  places  copper-clad  steel 
wire  can  be  used  to  great  advantage,  and  in  addition 
to  this  a  great  many  series  arc  and  series  incan- 
descent circuits  are  now  operated  with  duplex  wire, 
the  requisite  here  also  being  strength  and  not 
conductance. 

In  electric  railways,  besides  telephone  and 
signal  lines  it  is  found  that  copper-clad  wire  is 
especially  useful  xor  curves  and  its  higli  strength 
permits  the  curve  to  be  kept  up  ti^t,  while  it 
wears  about  half  as  fast  as  copper.   In  places  of 
dense  traffic  the  slow  wearing  property  of  txio 
duplex  metal  wire  become  very  valuable,  because  in 
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such  cases  a  break  in  the  wire  means  stoppage  of 
traffic,  which  again  means  heavy  loss  of  money. 

For  high  speed  transit,  although  copper-clad 
wire  has  increased  resistance,  its  good  wearing 
properties  are  most  valuable,  and  it  has  therefore 
in  many  cases  been  found  advisable  to  increase 
the  section  of  the  feeders,  in  order  to   compensate 
for  the  increased  resistance  of  the  duplex  metal, 
and  at  the  present  time  copper-clad  trolley  wire 
is  in  use,  or  under  test,  by  over  200  electric 
traction  systems  in  the  country. 
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SAMPLE  CALCULATIONS. 


For  Relative  Conductivities. 


One  mill   =   0.001  inch. 

R  X  d^ 

Resistance  per  mill  foot  =   

1 

'.Vhere  R  =  resistance  in  ohms  (5) 
d  =  diameter  in  mills 
1  •  length  of  wire  in  feet 

Resistance  per  mill  foot,  for  #14  copper  wire  = 

0.00795  X  (51.297)^  X  12 
=  7.0813  ohm.s 

35.45 

1 

Conductivity  =  =   0.1412 

7.0813 


Resistance  per  mill  foot  for  ,f^9  copper-clad  wire 

=  23.4212 


0.00475  X  (113.36)^  X  12 


31.4 

1 

Conductivity  =   =   0.0428 

23.4212 

Taking  the  #14'  copper  wire  as  standard,  the 
relative  conductivity  of  #9  copper-clad  steel 
wire  is 

0.0428 

=   30.3   per   cent   that   of 

0.1412  //14   copper   wire. 


APPENDIX. 
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